Recent studies have demonstrated the presence of food-derived peptides in human blood after ingestion of enzymatic hydrolysates of food proteins, while most peptides in food are degraded into amino acids during digestion and absorption. To capture and clarify the food-derived peptides in blood, solid-phase extraction (SPE) using a mini-spin column packed with a strong cation exchanger was developed. This technique allows the use of a nonvolatile acid such as trichloroacetic acid, a strong protein denaturant, for the deproteinizing procedure. To improve resolution of hydrophilic peptide and increase specificity and sensitivity in the detection of peptide by reversed-phase high-performance liquid chromatography (RP-HPLC) after subfractionation by size-exclusion chromatography (SEC), peptides are derivatized with phenyl isothiocyanate. The resultant phenyl thiocarbamyl (PTC)-peptides can be resolved with high resolution and sensitivity by RP-HPLC. By comparing chromatograms of PTC derivatives from blood before and after ingestion of a peptide sample, food-derived peptide can be detected. The isolated PTC-peptide can be applied to a peptide sequencer based on the Edman degradation reaction.
these products are approved by the Ministry of Health, Labor and Welfare of Japan to present a health claim on the label, and are classified as Food for Specified Health Uses (9) .
In order to identify the peptide that is responsible for the beneficial effect, peptides in the enzymatic hydrolysates are generally resolved by high-performance liquid chromatography (HPLC), especially in reversed-phase mode (10) , and their potential biological activities are evaluated by in vitro assays using cell culture and enzymatic reaction systems. In most cases, the single active peptide cannot be used for feeding experiments due to difficulties in isolation and synthesis of adequate amounts of the active peptide for the feeding experiment. Unlike other functional substances, most of the peptides in the enzymatic hydrolysate of food proteins are degraded by host peptidases during ingestion, digestion, and absorption; as a result, some peptides may lose their potential biological activity after ingestion. Alternatively, some peptides, which are not active before ingestion, may be converted to their active form by limited digestion. Therefore, peptide activities, which are detected using in the vitro assay, cannot directly express a variety of beneficial activities for humans by ingestion.
To solve these problems, isolation and identification of food-derived peptides that can reach target organ and body circulating systems is necessary. However, information on the occurrence and structure of food-derived peptides in blood and target organs of humans and animals is limited (11) (12) (13) (14) (15) (16) (17) . In this paper, recent advances in isolation and identification of food-derived peptides in human blood are reviewed and the usefulness of this approach is discussed.
Preparation of Blood Sample for Identification of Food-Derived Peptide
Blood contains a variety of many cells and endogenous proteins which may interfere following isolation of food-derived peptide and therefore should be removed. For determination of amino acids in blood, plasma or serum are generally used as the start sample. In most cases, the endogenous proteins in plasma and serum are removed as precipitate using organic solvents such as ethanol and methanol, or acid protein denaturants such as trichloroacetic acid (TCA), perchloric acid, and salicylic acid. The deproteinized fraction can be subjected to an automatic amino acid analyzer based on cation exchange chromatographic separation and post-column reaction with ninhydrin or o-phthalaldehyde, respectively. Imidazole dipeptides, anserine, and carnosine, which are contained in food and human blood in relatively high amounts, have been determined by this approach. However, because it is difficult to use these colorimetric or fluorometric derivatives for structural analysis of the peptide, RP-HPLC has been extensively used for isolation of peptide for sequence analysis. In most cases, elution of peptide by RP-HPLC is monitored by UV absorption at 210-230 nm. The chemicals, which have high absorbance at this UV range and absorb RP-HPLC column, cannot be used for the deproteinization process, unless they can be removed from the deproteinized fraction. Thus, ethanol and perchloric acid, which can be easily removed by vacuum and low absorbance at UV range, are preferred for this purpose.
Attention should be also paid to the stability of peptides in blood. Generally, strong peptidase activity is present in human and animal bloods. Some peptides such as prolyl-hydroxyproline (Pro-Hyp) can resist peptidase in human blood (15) ; however, many unstable peptides are degraded into amino acids by blood peptidase within a few minutes (18, 19) and may be degraded during the preparation of serum, which generally takes about 1 h. Plasma, therefore, is preferable for the isolation of food-derived peptide. To minimize degradation of peptide by blood peptidase, the deproteinizing reagents can be added directly to whole blood. On the other hand, our preliminary experiment revealed that relatively higher amounts of glutathione are present in the deproteinized fraction of whole blood, whereas only negligible amounts of glutathione are contained in the deproteinized fraction of plasma. These facts demonstrate that glutathione is derived from blood cells. When whole blood is used as the start sample, one should pay attention to the presence of endogenous peptides derived from blood cells.
Capturing and Clarification Procedures
The deproteinized fraction of plasma generally contains large amounts of nonpeptide components. To capture peptide from such samples, strong cation-exchange chromatography using a column packed with cross-linked polysaccharide gel, such as SP-Sephdex G25 (GE Healthcare, Buckinghamshire, UK) has been performed. We have demonstrated that peptide and amino acids can be captured by a mini-spin column (59 Figure 1 . For the spin-column, Sephdex-based gel fails to retain peptide and amino acids possibly because of mechanical weakness. The peptides, which are bound to the AG 50W´8, can be eluted with 7.5 N ammonium hydroxide containing 50% methanol (16) . By using the mini-spin column, strong acid protein denaturants such as TCA can be removed from the peptide fraction. Consequently, peptide, and amino acids in a few milliliters of plasma and blood can be captured and concentrated into a few hundred microliters of eluent. This technique allows capturing and clarification of peptide in plasma and blood without dilution in a short time.
The unabsorbed fraction of the mini-spin column may contain N-terminal blocked peptide such as pyroglutamyl peptide and strong acidic peptide such as casein phosphopeptide (20) (21) (22) .
Size-Exclusion Chromatography
Size-exclusion chromatography (SEC), also known as gel filtration chromatography, has been used to prepare large molecular weight (MW) protein and low MW peptide fractions. For the last 2 decades, chromatographic media, which can fractionate low MW peptide on the basis of MW, have been developed. One example is a Polyhydroxyethyl A column (200 9.4 mm id; PolyLC, Columbia, MD), which was first designed for hydrophilic interaction chromatography. Low MW peptides can be fractionated on the basis of MW, when dilute formic acid is used as eleuent. It is believed that size exclusion occurs between hydrophilic polymers. By using this system, some peptides in enzymatic hydrolysates have been fractionated (23, 24) . More recently, a highly cross-linked Sephadex-based resin, Superdex peptide (GE Healthcare), has been introduced. The deproteinized fraction of human plasma by 75% ethanol from who ingested gelatin hydrolysate was fractionated by Superdex peptide equilibrated with 0.1% trifluoroacetic acid (TFA) containing 30% acetonitrile at 0.5 mL/min. As shown in Figure 2 , hydroxyproline (Hyp) is observed in the HCl hydrolysate of low MW peptide and amino acid fractions (15) . The former can be considered as food-derived collagen peptide. This column is also a powerful tool to fractionate low MW food-derived peptides, as described below. Our preliminary study revealed that some tyrosine-containing peptide eluted later than the expected retention time based on the MW, which indicates that these peptides interact to stationary phase even in the presence of 30% acetonitrile in the eluent. peptides have been identified by direct injection of deproteinized fraction of human plasma to RP-HPLC (11, 12) . However, direct injection of deproteinized human plasma with 75% ethanol results in occurrence of many interference peaks ( Figure 3) . In most cases, it is difficult to isolate food-derived peptides, especially hydrophilic peptides, in blood by single RP-HPLC. Therefore, subfractionation steps before the RP-HPLC are generally necessary to isolate food-derived peptides. As shown in Figure 4 , couples of food-derived collagen peptides were isolated from the low MW peptide fraction of human plasma, which had been prepared by SEC, as demonstrated in Figure 2 (15) . By using this approach, some food-derived collagen peptides in human blood were identified as summarized in Table 1 (15, 17) . However, many nonpeptide peaks were still observed in the chromatogram (Figure 4 ). In addition, hydrophilic peptides, such as Ala-Hyp and Pro-Hyp, were hardly retained to the reversed-phase column and eluted with a large nonpeptide peak near the column void volume. 
Precolumn Derivatization Technique
To improve the resolution of hydrophilic peptides and to increase specificity and sensitivity of peptide detection by RP-HPLC, precolumn derivatization of peptides has been reported. To detect hydrophilic peptides in the water-soluble fraction of an enzyme-modified cheese, peptides were derivatized with 9-fluorenylmethoxycarbonyl chloride (FMOC-Cl; 25). Recently, Matsui et al. (13, 14) , used naphthalene-2,3-dialdehyde (NDA) to detect and resolve trace levels of food-derived antihypertensive peptides (Val-Tyr and Ile-Val-Tyr) in animal and human plasmas. These derivatives can be resolved by RP-HPLC and detected with high sensitivity. These derivatization techniques are a powerful tool to detect and quantify food-derived peptides, for which structure has been identified and authentic standard is available. However, these techniques have not been applied to the structural analysis of the unidentified peptides. On the other hand, it has been demonstrated that peptides which are derivatized with phenyl isothiocyanate (PITC), namely phenyl thiocarbamyl (PTC)-peptides, can be directly analyzed by the peptide sequencer based on Edman degradation; the sequencer program is changed to start from the cleavage reaction (21, 26) .
To confirm resolution of PTC-peptides by RP-HPLC, some acidic, neutral, and basic peptides (listed in Table 2 ) were chemically synthesized and derivatized with PITC, and the resultant PTC-peptides were resolved by RP-HPLC in 2 elution conditions. As shown in Figure 5 , most of the PTC-peptides, including hydrophilic peptide, can be resolved by RP-HPLC by using an ammonium acetate buffer system, which has been optimized for resolution of PTC-amino acids (27) . However, PTC-Gly-Pro and PTC-Pro-Hyp were eluted in broad peaks by the ammonium acetate buffer system, whereas PTC-Pro-Gly was resolved in a sharp symmetric peak ( Figure 5 ). To improve the resolution of PTC-Pro-Hyp and PTC-Gly-Pro, couples of RP-HPLC columns with different natures of the stationary phase, including wide porous silica, nonporous silica, polymer-coated porous silica, and porous polymers, were used. By using the ammonium or sodium acetate buffer systems at pH 4.0-6.5, no significant improvement of peak shape was obtained in all cases (data not shown). As shown in Figure 5 , the resolution of the PTC-Pro-containing peptides was drastically improved by binary gradient elution using the 0.01% TFA and 60% acetonitrile and conventional porous silica RP-HPLC column (16) .
To demonstrate that the present approach can detect small amounts of peptide in human plasma, authentic peptides were spiked into human plasma. A 2 mL volume of human plasma spiked with some synthetic peptides at 20 nmol/mL was mixed with 3 volumes of ethanol. The peptides and amino acids in the supernatant was captured by the mini-spin column and subjected to SEC using Superdex peptide equilibrated with 0.1% TFA containing 30% acetonitrile at 0.5 mL/min. Peptides and amino acids in the SEC fractions 29, 32, and 36 were derivatized with PITC and resolved by RP-HPLC using the ammonium acetate buffer system. As shown in Figure 6 , good resolution of the spiked authentic peptides and endogenous amino acids were obtained without serious interference (16).
As described above, the isolated PTC-peptide can be directly analyzed by an Edman degradation reaction-based automatic peptide sequencer, for which the program is started from the cleavage reaction. Before application to the sequencer, ammonium acetate buffer should be removed under vacuum with a small quantity of volatile tertiary amine, such as triethylamine, or by passing through a mini-spin column packed with a strong cation exchanger. The PTC-peptides in the eluent for RP-HPLC can be used for sequence analysis after storage at -20°C for more than 1 month.
By a combination of solid-phase extraction (SPE) using AG 50W´8, SEC, precolumn derivatization with PITC followed by RP-HPLC separation, some food-derived collagen peptides in the plasma from 2 volunteers, who ingested 20 g of a gelatin hydrolysate, were successfully isolated and identified as shown in Figure 7 (unpublished data). From both subjects, Pro-Hyp (Peak a) and free Hyp (Peak c) were observed after ingestion. On the other hand, Hyp-Gly (Peak b) was only observed in the plasma from volunteer A (Figure 7) , which suggests occurence of subject-specific food-derived peptide in human blood. 
Future Prospects
By using procedures described above, food-derived collagen peptides have been successfully isolated and identified. By using this approach, further studies on the identification of food-derived peptides in animal and human bloods and organ extracts are now in progress. We have isolated some food-derived peptides from volunteers, who ingested enzymatic hydrolysates of soy protein isolate and porcine hemoglobin. By using the chemically synthesized peptide on the basis of the sequence data for the food-derived peptide in blood and target organs, in vitro assays are now designed to explain the biological response by ingestion of peptide-based functional foods, moderation of hypertension and hyperlipidemia. The preliminary results (Figure 7 ) reveal that quantity and structure of the food-derived collagen peptides in blood depend on the subjects, which suggests that selectivity of intestinal peptide transporter and/or intestinal and blood peptidase activity may be different among subjects. If biological response differs by the presence of some specific food-derived peptide in blood, it may serve as a good biomaker. Further studies on the mechanism for the presence of such a subject-specific peptide and its impact on biological response are necessary.
In the present study, isolated peptides were analyzed for their primary structure by the peptide sequencer based on Edman degradation, which can allow accurate identification. To meet this purpose, PITC was chosen as derivatization reagent, as it is used in the Edman degradation reaction. However, structural analysis based on Edman degradation is relatively tedious. Recent advances in mass spectrometry (MS) enable peptide sequence analysis in a shorter time. For the sequence analysis by MS, the present approach using SPE based on strong cation exchange resin, subfractionation by SEC, and precolumn derivatization followed by RP-HPLC might be effective. To facilitate ionization by MS, the derivatization reagent should be optimized. In addition, a protocol, which can distinguish peptide ions from other components, should be improved. 
